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Amendments to the Claims 

Please amend Claims 14, 21, 23-28 and 33-40. The Claim Listing below will replace all 
prior versions of the claims in the application: 

Claim Listing 

1 . (Original) A method for determining state of charge of plural series connected electrical 
energy storage units, comprising: 

applying a non-dissipative load to a selected storage unit in a string of electrical 
energy storage units, resulting in an energy transfer between the selected storage unit and 
the string of storage units through the non-dissipative load; and 

determining state of charge of the selected unit from voltage and current data of 
the selected storage unit resulting from the energy transfer. 

2. (Original) The method of claim 1 wherein the energy is transferred by pulsed currents. 

3. (Original) The method of claim 1 wherein determining the state of charge of the selected 
storage unit comprises: 

calculating an impedance of the selected storage unit from the voltage and current 
data obtained during the energy transfer. 

4. (Original) A method for balancing state of charge among plural series connected 
electrical energy storage units, comprising: 

applying a non-dissipative load to a selected storage unit in a string of electrical 
energy storage units, resulting in an energy transfer between the selected storage unit and 
the string of storage units through the non-dissipative load; 

determining state of charge of the selected unit from voltage and current data of 
the selected storage unit resulting from the energy transfer; and 



when the state of charge of the selected unit is different than a target state of 
charge, transferring energy between the selected unit and the string of storage units, such 
that the state of charge of the selected unit converges toward the target state of charge. 

(Original) The method of claim 4, comprising: 

applying an up-converter to the selected storage unit; and 

transferring units of energy from the selected storage unit to the string of storage 

units. 

(Original) The method of claim 4, comprising: 

applying a down-converter to the selected storage unit; and 

transferring units of energy from the string of storage units to the selected storage 

unit. 

(Original) The method of claim 4, wherein determining the state of charge of the selected 
storage unit comprises: 

calculating an impedance of the selected storage unit from the voltage and current 
data obtained during the energy transfer. 

(Original) The method of claim 7, wherein determining the state of charge of the selected 
storage imit further comprises: 

applying the non-dissipative load to the selected storage unit; 

determining a first voltage across the selected storage unit; 

determining a first current flowing through the selected storage unit; 

determining a second voltage from the first current and impedance of the selected 
storage xmit; and 

determining the state of charge based on a voltage difference between the first and 
second voltages. 

(Original) The method of claim 4, wherein the energy is transferred by pulsed current. 
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10. (Original) The method of claim 4, wherein each of the storage units is a storage cell. 

1 1 . (Original) The method of claim 4, wherein each of the storage units is a battery module. 

12. (Original) The method of claim 4, wherein one or more of the storage units comprise a 
battery pack. 

13. (Original) The method of claim 4, wherein for each storage unit in the string having a 
number of storage units, comprising: 

applying the non-dissipative load to a selected storage unit, resulting in an energy 
transfer between the selected storage unit and the string of storage units through the non- 
dissipative load; and 

determining an impedance of the selected storage unit from voltage and current 
data of the selected storage unit obtained during the energy transfer. 

14. (Currently Amended) The method of claim 13, further comprising: 

determining a string impedance from the determined impedance of each storage 

unit; 

determining a first string voltage and string current from the string of storage 

units; 

determining a second string voltage from the string current and the string 
impedance; 

determining a string voltage difference between the first string voltage and the 
second string voltage; and 

determining a target state of charge as the average state of charge for the storage 
units of the string a ratio of the string voltage diff e r e nc e to th e number of storag e units . 
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15. (Original) The method of claim 14, further comprising: 

selecting a storage unit from the string of storage units having a state of charge 
that is different from the target state of charge; 

transferring energy between the selected storage unit and the string of storage 
units, such that the state of charge of the selected unit converges toward the target state of 
charge. 

16. (Original) The method of claim 15, wherein selecting a storage unit from the string of 
storage units having a state of charge that is different from the target state of charge, 
comprises: 

comparing each of the states of charge of the individual storage units with the 
target state of charge; and 

selecting a storage unit having a state of charge most different from the target 
state of charge. 

17. (Original) The method of claim 15, wherein selecting a storage unit from the string of 
storage units having a state of charge that is different from the target state of charge, 
comprises: 

selecting a storage unit having a state of charge that is different from the target 
state of charge from the string of storage units in a sequential order. 

1 8. (Original) The method of claim 1 5, wherein transferring energy between the selected 
storage unit and the string of storage units, comprises: 

comparing the state of charge of the selected storage unit with the target state of 

charge; 

when the state of charge is less than the target state of charge, transferring energy 
from the string of storage units to charge the selected storage unit; and 

when the state of charge is greater than the target state of charge, transferring 
energy from the selected storage unit to charge the string of storage units. 
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19. (Original) The method of claim 18, comprising: 

when the state of charge is less than the target state of charge, transferring energy 
from the string of storage units to charge the selected storage unit until a charge time 
expires. 



20. (Original) The method of claim 18, comprising: 

when the state of charge is greater than the target state of charge, transferring 
energy from the selected storage unit to charge the string of storage units until a 
discharge time expires. 

21 . (Currently amended) A system for determining state of charge of plural series connected 
electrical energy storage units, comprising: 

a circuit configured to apply a n on-dissipative load being applied to a selected 
storage unit in a string of electrical energy storage imits, resulting in an energy transfer 
between the selected storage imit and the string of storage units; and 

a controller configured to determine det e rmining state of charge of the selected 
unit from voltage and current data of the selected storage unit resulting from the energy 
transfer. 



22. (Original) The system of claim 2 1 , wherein the energy is transferred by pulsed current. 

23. (Currently amended) The system of claim 21, wherein the controlle r is ftirther 
configured to calculate calculat e s an impedance of the selected storage unit from the 
voltage and current data obtained during the energy transfer. 

24. (Currently amended). A system for balancing state of charge of plural series connected 
electrical energy storage units, comprising: 

a circuit configured to apply a n on-dissipative load being appli e d t o a selected 
storage unit in a string of electrical energy storage units, resulting in an energy transfer 
between the selected storage unit and the string of storage units; 
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a controller configured to determine d etermiftiftg state of charge of the selected 
unit from voltage and current data of the selected storage unit obtained during the energy 
transfer , and to direct the non-dissipative load to transfer energy between the selected 
storage unit and the string of storage unitsr -^^ 

^when the state of charge of a selected unit is different than a target state of charge^ 

th e controller dir e cting th e non dissipative load to transfer e nergy betw e en th e sel e ct e d 
storag e unit and the string of storag e unit s , such that the state of charge of the selected 
unit converges toward the target state of charge. 

25. (Currently amended) The system of claim 24, wherein the non-dissipative load is an up- 
converter configured to transfer transferring units of energy from the selected storage unit 
to the string of storage units. 

26. (Currently amended) The system of claim 24, wherein the non-dissipative load is a 
down-converter configured to transfer transf e rring u nits of energy from the string of 
storage units to the selected storage unit. 

27. (Currently amended) The system of claim 24, wherein the controller is further 
configured to calculate calculates an impedance of the selected storage unit from the 
voltage and current data obtained during the energy transfer. 

28. (Currently amended) The system of claim 27, wherein : 

the circuit is configured to apply the non-dissipative load is appli e d to the selected 
storage unitt<, 

and the controller is further configured to determine the controll e r determines a 
first voltage across the selected storage unitf ^ 

the controller d e t e rmin e s a first current flowing through the selected storage unitf^ 

the controller d e t e rm ines a second voltage from the first current and impedance of 

the selected storage unitf^ and 
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th e controll e r d e t e rmines the state of charge based on a voltage difference 

between the first and second voltages. 

29. (Original) The system of claim 24, wherein the energy is transferred by pulsed current. 

30. (Original) The system of claim 24, wherein each of the storage units is a storage cell 

3 1 . (Original) The system of claim 24, wherein each of the storage units is a battery module. 

32. (Original) The system of claim 24, wherein one or more of the storage xmits comprise a 
battery pack. 

33. (Currently amended) The system of claim 24, wherein for each storage unit in the string 
having a number of storage units: 

the circuit is configured to applv the non-dissipative load is appli e d t o a selected 
storage unit, resulting in an energy transfer between the selected storage unit and the 
string of storage units; and 

the controller is configured to determine d e termin e s an impedance of the selected 
storage unit from voltage and current data of the selected storage unit observed from the 
energy transfer. 

34. (Currently amended) The system of claim 33, wherein the controller is further 

configured to determine : 

the controller d e termines a string impedance from the determined impedance of 
each storage unit; 

th e controller det e rmin e s a first string voltage and string current from the string of 

storage units; 

th e controll e r d e termines a second string voltage from the string current and the 

string impedance; 
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th e controll e r d e t e rmin e s a string voltage difference between the first string 

voltage and the second string voltage; and 

the controller d e t e rmines a target state of charge as the average state of charge for 

the storage units of the string a ratio of th e string voltage diff e rence to the number of 
storage units . 

35. (Currently amended) The system of claim 34, wherein the controller is further 
configured to : 

the controll e r select s eleets-a storage unit firom the string of storage units having a 
state of charge that is different from the target state of charge^aftd 

th e controller dir e cts direct the non-dissipative load to transfer energy between the 
selected storage unit and the string of storage units, such that the state of charge of the 
selected unit converges toward the target state of charge. 

36. (Currently amended) The system of claim 35, wherein the controller is further 

configured to : 

the controll e r compare compar e s each of the states of charge of the individual 
storage units with the target state of charge; and 

the controll e r s e l e cts select a storage unit having a state of charge most different 
from the target state of charge. 

37. (Currently amended) The system of claim 35, wherein the controller is further 
configured to : 

the controll e r select s e l e ct s a storage unit having a state of charge that is different 
from the target state of charge from the string of storage units in a sequential order. 

38. (Currently amended) The system of claim 35, wherein: 

the controller is configured to compare compares t he state of charge of the 
selected storage unit with the target state of charge , to direct the non-dissipative load to 
transfer energv from the string of storage units to charge the selected storage uniti 
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when the state of charge of the selected storage unit is less than the target state of 

charge, the controll e r dir e cting th e non - dissipativ e load to transf e r en e rgy from th e string 
of storag e units to charg e th e s e l e ct e d storage unit; and to direct the non-dissipative load 
to transfer energy from the selected storage unit to the string of storage units to charge the 
string of storage units 

^when the state of charge of the selected storage unit is greater than the target state 

of charge , th e controll e r dir e cting the non dissipativ e load to transf e r e nergy from th e 
s e l e cted storage unit to charge th e string of storage units . 

39. (Currently amended) The system of claim 38, wherein: 

the controller is further configured to direct the non-dissipative load to transfer 
energy from the string of storage units to charge the selected storage unit until a charge 
time expires when the state of charge is less than the target state of charg e, th e controller 
directing the non dissipativ e load to transfer e nergy from the string of storag e units to 
charge th e s e lect e d storag e unit until a charg e tim e e xpir e s . 

40. (Currently amended) The system of claim 38, wherein: 

the controller is further configured to direct the non-dissipative load to transfer 
energy from the selected storage unit to charge the string of storage units until a 
discharge time expires w hen the state of charge is greater than the target state of charge? 
the controll e r directing the non dissipativ e load to transf e r energy from the sel e ct e d 
storag e unit to charge the string of storag e units until a discharg e time e xpir e s . 



